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SUMMARY
Intravenous fluid therapy has become a ubiquitous intervention in both human and veterinary 
medicine. The field of fluid therapy is characterised by numerous controversies, and despite their 
widespread use, fluids should be considered as drugs, as their use is associated with potential side 
effects and complications. This paper will review the differences between crystalloids and colloids, 
and how their clinical use has changed according to recent scientific evidence. Due to their 
theoretical advantages, hydroxyethyl starches (HES) have become the most commonly used colloids 
in both human and veterinary medicine. However, the results of human studies have revealed clear 
adverse effects on renal and haemostatic functions and an increase in mortality when comparing 
colloids versus crystalloids for fluid resuscitation. A quantitative toxicity has also been identified 
and excessive fluid resuscitation appears to be associated with an adverse outcome. These recent 
studies should prompt the veterinary profession to undertake an appraisal of current fluid therapy 
practices and recommendations that have thus far been largely based on theoretical benefits rather 
than clinical evidence. In this review we will focus on some common controversies and how our 
approach to fluid therapy may be adapted in light of the most recent veterinary and human data.
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Introduction
The first report in the medical literature of the intravenous 
administration of a salt-based solution was described 
in 1832 by Thomas Latta for the treatment of patients 
affected by cholera[1]. Since then, intravenous fluid therapy 
has become a ubiquitous intervention in both human 
and veterinary medicine and it represents a cornerstone 
in the treatment of ill patients. The field of fluid therapy 
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is characterised by numerous controversies regarding 
whether there are optimal fluid types, optimal doses and 
even whether there is a preferable timing and rate of fluid 
administration. Despite widespread use, fluid therapy is 
associated with potential side effects and complications, 
as recently revealed by the results of several large human 
randomised clinical trials [2,3,4]. These recent studies in the 
human field should prompt the veterinary profession to 
undertake an appraisal of current fluid therapy practices 
and recommendations that have been thus far largely 
based on theoretical benefits rather than clinical evidence. 
In this review we will focus on some common controversies 
and how our approach to fluid therapy may be adapted in 
light of the most recent veterinary and human data.
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Basic principles of fluid therapy
To be able to appreciate the nuances of fluid therapy 
a basic understanding of normal body fluid physiology 
is required. Total body water (TBW) accounts for 
approximately 60% of total body weight. Total body 
water is distributed between the intracellular fluid 
compartment (approximately 66%) and the extracellular 
fluid compartment (approximately 33%). These two 
spaces are separated by cell membranes. The extracellular 
fluid compartment is, in turn, further subdivided into an 
intravascular (8% TBW) and an interstitial space (25% 
TBW) [5], and these compartments are separated by the 
capillary wall (Figure 1). 
due to osmolarity gradients (osmotic pressure). Oncotic 
pressure, also known as colloid osmotic pressure, is a 
particular type of osmotic pressure that is generated by 
colloid molecules present in solutions. 
Clinical signs associated with fluid deficits vary accordingly 
to the compartment affected (Table 1). Dehydration is 
defined as total body water deficit, while hypovolemia 
indicates a purely intravascular volume deficit. The total 
intravascular volume, including both plasma and cellular 
components, is estimated to be approximately 88 ml/kg 
in dogs and 66 ml/kg in cats [6]. The intravascular volume, 
despite containing only a small proportion of the TBW, 
is the main determinant of cardiac preload and, as such, 
plays a fundamental role in maintaining cardiovascular 
stability. Preload, along with cardiac contractility and 
afterload, determines cardiac output and blood flow to 
peripheral tissues (perfusion). As a consequence of this, 
during hypovolemia, oxygen delivery to peripheral tissues 
is affected: when the metabolic needs of the body are 
no longer matched by the blood flow provided by the 
cardiovascular system, circulatory shock ensues. If left 
untreated circulatory shock will result in organ dysfunction 
and eventually death. Therefore, rapidly restoring and 
maintaining an effective intravascular volume is essential 
to reverse the progression of the shock state. This 
therapeutic intervention is referred to as fluid resuscitation 
and will be the main focus on this review. Other 
common reasons to administer fluids include restoration 
of the interstitial and intracellular fluid balance (i.e. 
rehydration), compensation for on-going fluid losses and 
to induce diuresis and maintain acid-base and electrolyte 
homeostasis.
Types of fluids
Fluids used in veterinary patients can be classified into 
Figure 1. Distribution of total body water (TBW) within the 
body showing the proportion allocated into the intracellular 
and extracellular fluid compartments. 
The barriers between fluid compartments have different 
permeability to different solutes based on size, charge 
and conformation. This selective permeability, along 
with hydrostatic and oncotic forces (i.e. Starling forces), 
determines the movement of fluids and electrolytes between 
compartments. Two other concepts that also play a role in 
the movement of fluid between compartments are osmolarity 
and oncotic pressure. Osmolarity is a measure of the number 
of particles present in a solution, independently of their size 
or weight. Water tends to distribute between compartments 
Table 1. Differentiation of hypoperfusion from dehydration via clinical signs
Signs consistent with hypoperfusion Signs consistent with dehydration
Increased heart rate Dry mucous membranes 
Hyperdynamic or hypodynamic pulses Prolonged skin tenting
Hypothermia or cold distal limbs Normal pulses
Prolonged capillary refill time Sunken eyeballs
Pale mucous membranes
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4 basic types: crystalloids, colloids, haemoglobin-based 
oxygen carriers and blood products [7]. Crystalloids are 
solutions of water and electrolytes or glucose. Some 
formulations might also contain buffers (e.g. lactate, 
acetate or gluconate) that, once administered, are 
metabolised to bicarbonate and can influence acid-
base balance. Crystalloids are classified into hypotonic, 
isotonic or hypertonic solutions based on their relative 
osmolarity compared to plasma. Isotonic fluids have an 
osmolarity that is similar to that of plasma (approximately 
300 mOsm/L), while hypertonic and hypotonic fluids 
have an osmolarity that is, respectively, higher and 
lower than plasma. Isotonic solutions are the most 
commonly used type of crystalloids. Hypotonic solutions 
are contraindicated during fluid resuscitation and their 
use should be reserved to treat specific conditions (e.g. 
treatment of severe electrolyte imbalances). Hypertonic 
solutions, and in particular hypertonic saline, may be useful 
in certain cases that require fluid resuscitation; a dramatic 
increase in plasma osmolarity leads to a shift of water from 
the interstitium and intracellular fluid compartments to the 
intravascular space, resulting in a transient intravascular 
volume expansion. Isotonic crystalloids available in clinical 
practice include normal saline (0.9% NaCl) and balanced 
solutions (e.g. compound sodium lactate, Hartmann’s, 
Ringer’s lactate solution, Ringer’s acetate solution, Plasma-
Lyte). Balanced solutions differ from normal saline in the 
fact that they contain electrolytes in more physiological 
concentrations, closely resembling the electrolyte 
composition of human plasma.
Shortly after administration of crystalloids most of the 
infused volume will redistribute to the interstitium and 
intracellular space and by 1 hour only 20-25% of the 
infused volume will still be within the intravascular space 
[6]. With this in mind, one can see that if intravascular 
volume expansion is the main therapeutic target, 
crystalloid fluid therapy would seem to be an inefficient 
way of achieving this and their use might promote the 
formation of interstitial oedema (Figure 2).
Colloids are high-molecular-weight compounds (molecular 
weight higher than 30 KDa) that, in the normal physiological 
condition, do not readily leave the intravascular space 
and contribute to maintaining, or possibly improving, the 
patient’s plasma oncotic pressure. Colloids are classified as 
synthetic (e.g. hydroxyethyl starches, gelatins, dextrans) 
or natural (e.g. plasma, albumin solutions, blood). The 
potential benefits of colloids include prolonged intravascular 
effect, smaller volume requirements and decreased risk 
of oedema formation when compared with crystalloids [8]. 
Therefore, if the goal of fluid administration is to address 
hypovolemia, colloids seem to present some obvious 
advantages over crystalloids. Ideal colloid solutions should 
be isotonic, iso-oncotic, rapidly degradable, inexpensive 
and have minimal side effects [9]. On first inspection, 
hydroxyethyl-starch solutions (HES) are the colloids that 
most closely match these criteria. For this reason they have 
become, up to recently, the most commonly used colloids in 
both human and veterinary medicine.
HES are synthesised from amylopectin, a highly 
branched polymer of glucose, and chemically modified 
by substitution of some hydroxyl- with hydroxyethyl- 
residues. These modifications provide some of the 
desired characteristics of colloidal fluid solutions. The 
various preparations of HES are classified based on 
their molecular weight, molar substitution (number of 
hydroxyethyl- residues per unit of glucose), pattern 
of substitution (C2:C6 ratio) and type of solutions in 
which they are suspended (e.g., balanced or unbalanced 
crystalloid solutions). Higher molecular weights and molar 
substitutions are associated with a longer half-life. Despite 
their widespread use and their perceived better safety 
profile compared to other synthetic colloids, HES use is 
associated with numerous side effects.
Undesirable side effects
Coagulopathy
Coagulopathy is one of the most common side effects 
associated with the use of synthetic colloids. The 
mechanism of this coagulopathy is not fully understood, 
Figure 2. Dog with marked interstitial oedema where fluid 
has accumulated in the extracellular fluid compartment. 
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but some of the proposed pathways include decreased 
circulating factor VIII and von Willebrand factor 
concentration, impairment of platelet function and 
interference with fibrin polymerization [10]. These effects 
have been reported in dogs as well, although the clinical 
significance of the abnormalities reported is undetermined 
[11-15]. It should be noted that current veterinary dose 
recommendations for colloids (approximately 50 ml/kg/
day for low molecular weight HES and 20 ml/kg/day for 
high molecular weight HES) are not based on efficacy 
data, but on human safety limits developed to minimise 
the risk of bleeding [8]. The coagulation disorder associated 
with HES administration appears to be proportional to 
the dose administered and the molecular weight and 
molar substitution of the molecule used. To reduce these 
risks, novel colloid solutions were developed with a lower 
molecular weight and lower degree of hydroxyethyl molar 
substitution [9]. 
Renal dysfunction
Renal dysfunction is another commonly discussed 
complication induced by colloid administration in people 
and this complication has become the focal point of 
the controversy surrounding the use of starch-based 
colloids in critically ill patients. All synthetic colloids 
undergo renal excretion and therefore have the potential 
to cause acute kidney injury (AKI). The first reports on 
colloid-induced renal failure were published in the late 
1960s in association with the use of dextrans [16,17], but 
in more recent years, the potential for inducing kidney 
damage has been reported in other colloids classes [18]. 
Several hypotheses have been formulated to explain AKI 
following colloid administration [9]. The increase in the 
intra-glomerular COP determines a decrease in glomerular 
filtration rate. The filtration of colloid molecules in the 
glomerulus increases intra-tubular viscosity and decreases 
urine flow. In addition, some molecules are re-absorbed 
by the proximal tubular epithelial cells where they induce 
vacuolar lesions. This can result in cellular swelling, with 
an additional decrease in urine flow. Renal interstitial 
inflammation has also been reported [19].
Colloids vs. crystalloids
HES solution should be theoretically less nephrotoxic given 
their biochemical characteristics. However, tubular lesions 
were noticed with the use of high-molar substitution HES 
in brain dead kidney donors [20]. Studies regarding the renal 
safety of colloids started to appear in the early 1990s[21]. 
A trend similar to that observed with coagulopathy 
appeared: the use of solutions with higher concentrations, 
higher molecular weight and molar substitution colloids 
were associated with increased risk of renal toxicity. Low 
molecular weight, molar substitution and iso-oncotic HES 
appeared to have the best safety profile [22].
Despite their theoretical advantages HES were approved 
for medical use without adequate testing regarding safety 
and efficacy [21]. Up to very recently, limited evidence 
had been in support of colloids over crystalloids for fluid 
resuscitation. A Cochrane Collaboration meta-analysis 
published in 2007 concluded that “…as colloids are not 
associated with an improvement in survival, and as they 
are more expensive than crystalloids, their use should be 
limited to randomised clinical trials” [23].
In 2008 the first large randomised clinical trial (RCT) 
comparing HES versus crystalloids for fluid resuscitation 
was published [2]. This study revealed a dose related 
effect linking HES administration with higher incidence 
of AKI, need for renal replacement therapy (a form of 
haemodialysis) and number of blood transfusions. In 2011 
numerous studies from a leading author regarding the 
safety and efficacy of starch-based colloids were retracted 
by a number of journals due to scientific misconduct and 
data fabrication [24], decreasing even further the level 
of evidence in support of HES use. The following year 
two other large high-quality RCT (6S and CHEST studies) 
investigating the use of HES versus crystalloids for fluid 
resuscitation in critically ill patients were published [3,4]. 
These studies confirmed the increased need for renal 
replacement therapy and blood transfusions associated 
with the use of HES and also showed a significant increase 
in mortality in the most severe population treated with 
HES. Based on these data the most recent Surviving Sepsis 
Guidelines [25] advised against the use of HES for the 
treatment of severe sepsis and septic shock. An updated 
Cochrane Collaboration meta-analysis published in 2013 
failed to identify any benefit of the administration of 
colloids (any) versus crystalloids, and concluded that “…
it is difficult to see how HES use can be justified in clinical 
practice.”[26] Another meta-analysis focused on the effect 
of HES on kidney function and identified an increased risk 
of developing AKI and a higher need for renal replacement 
therapy [27]. These two meta-analyses revealed that the 
risk associated with HES administration is independent 
from the type of HES or the severity of the population 
treated. As a consequence, the European Medicines 
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Agency recommended the suspension of the marketing 
authorisation for all products containing HES [28] and the 
Food and Drug Administration of the United States issued 
a warning against the use of HES in critically ill patients 
[29]. At the time of writing HES-containing solutions have 
been withdrawn from the market in several European 
countries, although the European Union has ratified a 
recommendation allowing the use of HES in some selected 
situations such as hypovolaemia not associated with sepsis 
or burns [30]. Veterinary access to HES depends on local 
medical regulatory agencies authorising the trade of these 
products. 
To date, there are no reports of nephrotoxicity induced 
by the use of HES in veterinary patients, but both renal 
lesions and renal dysfunction have been reported in 
experimental studies in dogs receiving dextran [17,31] and 
the pathophysiology of the nephrotoxicity appears to 
be similar across different classes of colloids. Although 
there is currently no evidence that HES-based colloids can 
worsen outcome in veterinary patients these fluids should 
be used cautiously, especially in patients predisposed to 
coagulopathy, AKI or with severe sepsis. Studies evaluating 
the incidence of AKI in veterinary patients treated with 
starch-based colloids are urgently needed. 
It should be noted that the cost of colloids is significantly 
higher compared to crystalloids just as they are in human 
medicine, and this aspect should not be overlooked 
when deciding what type of solution to use for fluid 
resuscitation. In the context that resuscitation with 
colloids offers no real benefits in outcome, justification for 
their use can be problematic.
Other colloid solutions are available as alternatives to HES: 
gelatins, dextrans, haemoglobin-based oxygen carriers 
(HBOC), albumin and plasma. Gelatins are derived from 
bovine collagen and have a low molecular weight (30-35 
KDa). Their immediate volume effect is similar to that of 
HES, but due to their low molecular weight they determine 
a much shorter duration of volume expansion. Compared to 
HES, the use of gelatins is associated with a higher risk of 
anaphylactic reactions [9]. There have also been concerns 
that the use of gelatins may pose a risk of inducing 
renal dysfunction, although this is not well described [9]. 
Dextrans are polysaccharides synthesised from sucrose by 
bacterial fermentation. Dextrans have the worst safety 
profile among colloids in terms of coagulopathy, renal 
dysfunction and for these reasons are not used commonly 
in human medicine. Oxyglobin® is a veterinary-specific 
stroma-free HBOC derived from bovine haemoglobin 
and licensed for the treatment of anaemia in the dog. 
Compared to other colloids, HBOC has the advantage of 
providing additional oxygen carrying capacity that can 
thereby improve tissue oxygenation. The use of HBOC has 
been demonstrated to enable more rapid achievement 
of resuscitation endpoints when compared with HES in 
both experimental and clinical veterinary studies [32,33,34]. 
However, it should be noted that HBOC has not been 
approved for human use due to safety concerns, and its use 
in veterinary patients is associated with significant side 
effects, especially in terms of volume overload [35]. Albumin 
has recently substituted HES as the most used colloid 
solution in human medicine, although there is no extensive 
evidence of a clinical benefit over crystalloids alone [25,36]. 
The use of human serum albumin in critically-ill veterinary 
patients can be associated with both immediate and 
delayed side effects [37,38]. Its use in healthy patients under 
experimental conditions was associated with sometimes 
fatal hypersensitivity reactions [39]. A canine-specific serum 
albumin had been commercially produced in North America, 
but it is no longer available. Plasma can also be used for 
fluid resuscitation and has a better safety profile compared 
to albumin solution, however, the risk of transfusion 
reactions remains. It is also important to note that plasma 
is not particularly effective as a plasma expander, nor 
is it practical as it is usually stored frozen and not cost 
effective given the need for large volumes in order to alter 
the COP of the patient.
When compared with crystalloid fluid solutions, colloids are 
considered more potent plasma expanders and this is partly 
due to their greater persistence within the intravascular 
space. This means that smaller volumes of colloids are 
required to expand the intravascular space compared with 
crystalloid solutions. The ratio of colloids:crystalloids that 
needs to be administered to achieve a similar volume 
effect is approximately 1:4, and this has been confirmed 
in several experimental studies [40,41]. An interesting finding 
that has emerged from several human RCT is that the 
actual volume effect of HES in clinical settings is less 
than previously thought. The ratio of HES to crystalloids 
administered to achieve similar resuscitation endpoints 
actually only ranged from 1:1 to 1:1.6, far below the 
predicted 1:4 ratio [2,3,4]. This raises questions on the 
validity of the assumption that colloids are more effective 
plasma expanders. This discrepancy in the volume effect 
could be explained through the concept of “context 
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permeability. This structure can be damaged in several 
conditions, such as hypoalbuminaemia, sepsis, hypoxia, 
hyperglycaemia or hypervolemia. When the EGL is intact 
vascular permeability is preserved and colloids have a 
volume effect that exceeds that of crystalloids. However, 
damage to this structure leads to an increase in vascular 
permeability and consequently a loss of the “volume 
advantage” offered by the colloids.
Are crystalloids safe?
Given the side effects associated with the use of colloids, 
crystalloids are expected to continue to play a major 
role in human fluid resuscitation despite the higher risk 
of interstitial oedema. Sodium chloride (0.9% Saline) 
has historically been the most used solution for volume 
expansion in human patients. However, due to its 
composition, the use of 0.9% saline is associated with 
the development of hyperchloraemic metabolic acidosis 
[45]. When compared to balanced crystalloids solutions 
(e.g. lactated Ringer, Plasma-Lyte, Compounded Sodium 
Lactate), 0.9% saline use is associated with a higher 
morbidity and mortality [46,47,48]. The role of chloride-load 
and hyperchloraemic metabolic acidosis in veterinary 
critical illness is unknown, but it seems prudent to prefer 
the use of balanced crystalloids over saline for fluid 
resuscitation.
An alternative to isotonic crystalloids for fluid 
resuscitation is hypertonic saline. These solutions contain 
a higher percentage of sodium chloride of 7.2% and 
23.4%. As such they have a very high osmolarity and once 
infused produce an elevation in intravascular sodium. This 
in turn creates a concentration gradient that drives fluids 
from the interstitial and intracellular to the intravascular 
space with a short lived (20-30 minutes) intravascular 
volume expansion. The theoretical advantage is achieving 
fluid resuscitation whilst infusing a smaller volume of fluid. 
The displacement of fluid from the interstitium might also 
play a role in the treatment of traumatic brain injury. The 
use of hypertonic saline requires adequate intracellular 
and interstitial hydration and can cause bradycardia and 
hypernatremia as possible complications [5]. The safety 
and efficacy of hypertonic saline has not been established 
in human medicine and results of preliminary studies are 
contradictory [43].
Along this qualitative toxicity a quantitative toxicity has 
also been described. A positive fluid balance is associated 
sensitivity.” This concept proposes that the volume effect 
of administered fluid is variable and depends on the 
cardiovascular context of the patient. The cardiovascular 
context takes into account derangements in vascular 
permeability, intravascular volume and hydration status. 
In other words, the highly desirable behaviour of colloids 
may only be apparent in subjects with normal vascular 
endothelium and these advantages may not be appreciated 
in critically ill patients [42,43]. 
Lending support to the aforementioned concept, a major 
advancement in the understanding of fluid homeostasis 
has been made possible by the recent characterisation of 
the endothelial glycocalyx layer (EGL) (Figure 3) [44]. This 
is an active interface between the blood and the capillary 
wall and appears to be the main determinant of vascular 
Figure 3: Endothelial glycocalyx layer in health (A) and 
damaged by disease (B). The integrity of the endothelial 
glycocalyx layer may dictate the permeability of membranes 
and may explain why there are differences in the response to 
colloid fluid therapy depending on the state of the animal. 
From N Engl J Med, Myburgh GA, Mythen MG. Resuscitation 
fluids. 369:1244. Copyright © (2013) Massachusetts Medical 
Society. Reprinted with permission from Massachusetts 
Medical Society
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PPV in veterinary practice is limited by the need to place 
an arterial catheter, a procedure that can be technically 
challenging, especially in small or collapsed patients, 
and carries a risk of bleeding and infection. Moreover, 
only some monitors support algorithms that allow the 
measurement of PPV. The application of an early goal-
directed haemodynamic optimisation protocol has been 
recently described in dogs undergoing surgery for pyometra 
[57]. Further studies are needed to identify the ideal end-
points of resuscitation and if a goal-directed protocol 
would improve the outcome in veterinary patients.
Conclusions
Current evidence in human medicine suggest that the use 
of colloids over crystalloids carries very little benefit, with 
the potential of significant side effects associated with the 
use of synthetic colloids. Experimental veterinary studies 
show theoretical advantages of colloids, but these effects 
have not proven to be associated with an improvement 
in outcome. Moreover, although the nephrotoxic effects 
of HES have not yet been observed in veterinary patients, 
the mechanisms of toxicity seem to be similar across all 
synthetic colloid classes, independent of their composition, 
concentration and molecular size. Further studies will be 
needed to assess the safety profile of synthetic colloids 
in veterinary patients. In the meantime, we believe that 
a precautionary principle should be applied to colloid 
administration in veterinary patients, and their use should 
be limited to selected circumstances. Synthetic colloids 
should be used with particular caution in critically ill 
patients with sepsis or an established acute kidney injury.
In conclusion, all fluids should be considered as drugs, and 
as such have the potential to cause toxicity if administered 
incorrectly. Context sensitivity appears essential in 
the selection process of fluid type, dose, and timing of 
administration. Fluid resuscitation protocols will therefore 
have to be tailored based on the clinical status of each 
individual patient. Veterinary research should focus on the 
identification of criteria for patients’ stratification in order 
to develop individualised fluid resuscitation plans.
The authors declare no conflict of interests.
 
with the development of interstitial oedema and worse 
outcome [49]. In a trial comparing restrictive versus liberal 
fluid strategies, the latter has been associated with a 
reduced morbidity [50]. As we will see in the next paragraphs 
clinical research is focusing on methods to identify the 
adequate dose of fluid to administer. 
How much fluid to give?
A variety of strategies have been developed to optimise 
tissue perfusion in critically ill patients and have been 
collectively defined as goal-directed therapies. The 
application of goal-directed therapy protocols has shown 
to improve both morbidity and mortality in people 
[51]. Restoring and maintaining an adequate circulating 
blood volume is considered the most important aspect in 
goal-directed therapy, however identifying the adequate 
fluid dose for each individual patient is not an easy 
task. Insufficient fluid resuscitation will be associated 
with inadequate tissue perfusion, but excessive fluid 
administration will also have negative consequences 
through the development of interstitial oedema, leading to 
organ dysfunction [52]. Therefore, identifying those patients 
that will benefit from fluid administration is essential. 
This concept is referred to as fluid responsiveness, and 
is defined as the ability of a patient’s cardiac output 
to improve following the administration of intravenous 
fluid therapy. Historically fluid-responsiveness was 
assessed through “static” indexes of cardiac preload (e.g. 
central venous pressure), but such markers appear to be 
inadequate [53]. For this reason, a new approach using 
“dynamic” indexes has been developed and is based on 
evaluating the effect of changes in cardiac preload on the 
cardiac output [54]. An example of a dynamic index of fluid 
responsiveness evaluated in veterinary patients is pulse 
pressure variability (PPV) [54]. Arterial pulse pressure is used 
as a surrogate marker of stroke volume and its variation is 
assessed in patients undergoing mechanical ventilation. 
Due to lung-heart interactions, each respiratory cycle 
decreases preload in a predictable manner and this causes 
a decrease in cardiac output proportional to the patient 
“fluid-dependency.” Therefore, patients that will benefit 
from fluid administration will have a proportionally higher 
PPV. This index has been validated in dogs [55,56]. The use of 
Controversies in fluid therapy EJCAP 24(2)  P 21
References
[1]  Foex B. A. How the cholera epidemic of 1831 resulted 
in a new technique for fluid resuscitation. Emergency 
Medicine Journal 2003; 20(4): 316-318.
[2]  Brunkhorst F. M., Engel C., Bloos F., Meier-Hellmann 
A., Ragaller M., Weiler N., Moerer O., Gruendling 
M., Oppert M., Grond S., Olthoff D., Jaschinski U., 
John S., Rossaint R., Welte T., Schaefer M., Kern 
P., Kuhnt E., Kiehntopf M., Hartog C., Natanson C., 
Loeffler M., Reinhart K. and S. German Competence 
Network. Intensive insulin therapy and pentastarch 
resuscitation in severe sepsis. N Engl J Med 2008; 
358(2): 125-139.
[3]  Myburgh J. A., Finfer S., Bellomo R., Billot L., Cass 
A., Gattas D., Glass P., Lipman J., Liu B., McArthur C., 
McGuinness S., Rajbhandari D., Taylor C. B., Webb S. 
A., C. Investigators, Australian and G. New Zealand 
Intensive Care Society Clinical Trials. Hydroxyethyl 
starch or saline for fluid resuscitation in intensive 
care. N Engl J Med 2012; 367(20): 1901-1911.
[4]  Perner A., Haase N., Guttormsen A. B., Tenhunen 
J., Klemenzson G., Aneman A., Madsen K. R., 
Moller M. H., Elkjaer J. M., Poulsen L. M., Bendtsen 
A., Winding R., Steensen M., Berezowicz P., Soe-
Jensen P., Bestle M., Strand K., Wiis J., White J. O., 
Thornberg K. J., Quist L., Nielsen J., Andersen L. H., 
Holst L. B., Thormar K., Kjaeldgaard A. L., Fabritius 
M. L., Mondrup F., Pott F. C., Moller T. P., Winkel P., 
Wetterslev J., S. T. Group and G. Scandinavian Critical 
Care Trials. Hydroxyethyl starch 130/0.42 versus 
Ringer’s acetate in severe sepsis. N Engl J Med 2012; 
367(2): 124-134.
[5]  Mazzaferro E. and Powell L. L. Fluid therapy for the 
emergent small animal patient: crystalloids, colloids, 
and albumin products. Vet Clin North Am Small Anim 
Pract 2013; 43(4): 721-734.
[6]  Wellman M.L ., DiBartola D. S., Kohn C.W. Applied 
physiology of body fluids in dogs and cats. In: 
DiBartola SP editors. Fluid, electrolyte, and acid-base 
disorders in small animal practice. St. Louis (MO): 
Saunders Elsevier; 2006 p 3–26. 
[7]  Mensack S. Fluid therapy: options and rational 
administration. Vet Clin North Am Small Anim Pract 
2008; 38(3): 575-586, xi.
[8]  Chan D. L. Colloids: current recommendations. Vet Clin 
North Am Small Anim Pract 2008; 38(3): 587-593, xi.
[9]  Ertmer C., Rehberg S., Van Aken H. and Westphal M. 
Relevance of non-albumin colloids in intensive care 
medicine. Best Pract Res Clin Anaesthesiol 2009; 
23(2): 193-212.
[10] Hughes D. Fluid therapy with artificial colloids: 
complications and controversies. Veterinary 
Anaesthesia and Analgesia 2001; 28(2).
[11] Wierenga J. R., Jandrey K. E., Haskins S. C. and Tablin 
F. In vitro comparison of the effects of two forms of 
hydroxyethyl starch solutions on platelet function in 
dogs. Am J Vet Res 2007; 68(6): 605-609.
[12] Smart L., Jandrey K. E., Kass P. H., Wierenga J. R. and 
Tablin F. The effect of Hetastarch (670/0.75) in vivo 
on platelet closure time in the dog. J Vet Emerg Crit 
Care 2009; 19(5): 444-449.
[13] Chohan A. S., Greene S. A., Grubb T. L., Keegan 
R. D., Wills T. B. and Martinez S. A. Effects of 6% 
hetastarch (600/0.75) or lactated Ringer’s solution on 
hemostatic variables and clinical bleeding in healthy 
dogs anesthetized for orthopedic surgery. Vet Anaesth 
Analg 2011; 38(2): 94-105.
[14] Falco S., Bruno B., Maurella C., Bellino C., D’Angelo 
A., Gianella P., Tarducci A., Zanatta R. and Borrelli A. 
In vitro evaluation of canine hemostasis following 
dilution with hydroxyethyl starch (130/0.4) via 
thromboelastometry. J Vet Emerg Crit Care 2012; 
22(6): 640-645.
[15] McBride D., Hosgood G. L., Mansfield C. S. and Smart 
L. Effect of hydroxyethyl starch 130/0.4 and 200/0.5 
solutions on canine platelet function in vitro. Am J 
Vet Res 2013; 74(8): 1133-1137.
[16] Vineyard G. C., Bradley B. E., Defalco A., Lawson D., 
Wagner T. A., Pastis W. K., Nardella F. A. and Hayes 
J. R. Effect of hydroxyethyl starch on plasma volume 
and hematocrit following hemorrhagic shock in dogs: 
comparison with dextran, plasma and Ringer’s. Ann 
Surg 1966; 164(5): 891-899.
[17] Mailloux L., Swartz C. D., Capizzi R., Kim K. E., Onesti 
G., Ramirez O. and Brest A. N. Acute renal failure after 
administration of low-molecular weight dextran. N 
Engl J Med 1967; 277(21): 1113-1118.
[18] Jamal R., Ghannoum M., Naud J.F., Turgeon P.P., 
Leblanc M. Permanent renal failure induced by 
pentastarch. NDT Plus 2008; 5: 322–325.
[19] Huter L., Simon T. P., Weinmann L., Schuerholz 
T., Reinhart K., Wolf G., Amann K. U. and Marx G. 
Hydroxyethylstarch impairs renal function and induces 
interstitial proliferation, macrophage infiltration and 
tubular damage in an isolated renal perfusion model 
Crit Care 2009; 13(1): R23.
[20] Legendre C., Thervet E., Page B., Percheron A., Noel 
L. H. and Kreis H. Hydroxyethylstarch and osmotic-
nephrosis-like lesions in kidney transplantation. 
Lancet 1993; 342(8865): 248-249.
[21] Haase N. and Perner A. Hydroxyethyl starch for 
resuscitation. Curr Opin Crit Care 2013; 19(4): 321-
325.
[22] Westphal M., James M. F., Kozek-Langenecker S., 
Stocker R., Guidet B.and Van Aken H. Hydroxyethyl 
starches: different products--different effects. 
Anesthesiology 2009; 111(1): 187-202.
[23] Perel P. and Roberts I. Colloids versus crystalloids for 
fluid resuscitation in critically ill patients. Cochrane 
Database Syst Rev 2007; (4): CD000567.
[24] Reinhart K. and Takala J. Hydroxyethyl starches: what 
do we still know? Anesth Analg 2011; 112(3): 507-
511.
Controversies in fluid therapy EJCAP 24(2)  P 22
[25] Dellinger R. P., Levy M. M., Rhodes A., Annane D., 
Gerlach H., Opal S. M., Sevransky J. E., Sprung C. L., 
Douglas I. S., Jaeschke R., Osborn T. M., Nunnally M. 
E., Townsend S. R., Reinhart K., Kleinpell R. M., Angus 
D. C., Deutschman C. S., Machado F. R., Rubenfeld 
G. D., Webb S. A., Beale R. J., Vincent J. L., Moreno 
R.and S. Surviving Sepsis Campaign Guidelines 
Committee including the Pediatric. Surviving sepsis 
campaign: international guidelines for management 
of severe sepsis and septic shock: 2012. Crit Care Med 
2013; 41(2): 580-637.
[26] Perel P., Roberts I. and Ker K. Colloids versus 
crystalloids for fluid resuscitation in critically ill 
patients. Cochrane Database Syst Rev 2013; 2: 
CD000567.
[27] Mutter T. C., Ruth C. A. and Dart A. B. Hydroxyethyl 
starch (HES) versus other fluid therapies: effects on 
kidney function. Cochrane Database Syst Rev 2013; 7: 
CD007594.
[28] European Medicines Agency. 2013 EMA/349341/2013: 
PRAC recommends suspending marketing 
authorisations for infusion solutions containing 






[29] U.S. Food and Drug Administration. Hydroxyethyl 
Starch Solutions: FDA Safety Communication 
- Boxed Warning on Increased Mortality and 
Severe Renal Injury and Risk of Bleeding. 




[30] European Medicines Agency. EMA/809470/2013: 
Hydroxyethyl-starch solutions (HES) no longer to be 
used in patients with sepsis or burn injuries or in 





[31] Diomi P., Matheson N. A., Norman J. N., Robertson 
J. W. and Shearer J. R. Effects of dextran 40 on urine 
flow and composition during pronounced reduction in 
renal perfusion. Eur Surg Res 1969; 1(1): 20-25.
[32] Driessen B., Jahr J. S., Lurie F., Golkaryeh M. S. 
and Gunther R. A. Arterial oxygenation and oxygen 
delivery after hemoglobin-based oxygen carrier 
infusion in canine hypovolemic shock: a dose-
response study. Crit Care Med 2003; 31(6): 1771-1779.
[33] Driessen B., Jahr J. S., Lurie F. and Gunther R. A. 
Effects of isovolemic resuscitation with hemoglobin-
based oxygen carrier Hemoglobin glutamer-200 
(bovine) on systemic and mesenteric perfusion and 
oxygenation in a canine model of hemorrhagic shock: 
a comparison with 6% hetastarch solution and shed 
blood. Vet Anaesth Analg 2006; 33(6): 368-380.
[34] Haak C. E., Rudloff E. and Kirby R. Comparison of 
Hb-200 and 6% hetastarch 450/0.7 during initial 
fluid resuscitation of 20 dogs with gastric dilatation-
volvulus. J Vet Emerg Crit Care 2012; 22(2): 201-210.
[35] Weingart C. and Kohn B. Clinical use of a 
haemoglobin-based oxygen carrying solution 
(Oxyglobin) in 48 cats (2002-2006). J Feline Med 
Surg 2008; 10(5): 431-438.
[36] Finfer S. Reappraising the role of albumin for 
resuscitation. Curr Opin Crit Care 2013; 19(4): 315-
320.
[37] Trow A. V., Rozanski E. A., Delaforcade A. M. and Chan 
D. L. Evaluation of use of human albumin in critically 
ill dogs: 73 cases (2003-2006). J Am Vet Med Assoc 
2008; 233(4): 607-612.
[38] Vigano F., Perissinotto L. and Bosco V. R. 
Administration of 5% human serum albumin 
in critically ill small animal patients with 
hypoalbuminemia: 418 dogs and 170 cats (1994-
2008). J Vet Emerg Crit Care 2010; 20(2): 237-243.
[39] Cohn L. A., Kerl M. E., Lenox C. E., Livingston R. 
S. and Dodam J. R. Response of healthy dogs to 
infusions of human serum albumin. Am J Vet Res 
2007; 68(6): 657-663.
[40] Silverstein D. C., Aldrich J., Haskins S. C., Drobatz 
K. J. and Cowgill L. D. Assessment of changes in 
blood volume in response to resuscitative fluid 
administration in dogs. J Vet Emerg Crit Care 2005; 
15(3): 185-192.
[41] Barros J. M., do Nascimento P., Marinello Jr. J. L., 
Braz L. G., Carvalho L. R., Vane L. A., Castiglia Y. 
M. and Braz J. R. The effects of 6% hydroxyethyl 
starch-hypertonic saline in resuscitation of dogs with 
hemorrhagic shock. Anesth Analg 2011; 112(2): 395-
404.
[42] Jacob M. and Chappell D. Reappraising Starling: the 
physiology of the microcirculation. Curr Opin Crit Care 
2013; 19(4): 282-289.
[43] Myburgh J. A. and Mythen M. G. Resuscitation fluids. 
N Engl J Med 2013; 369(13): 1243-1251.
[44] Woodcock T. E. and Woodcock T. M. Revised Starling 
equation and the glycocalyx model of transvascular 
fluid exchange: an improved paradigm for prescribing 
intravenous fluid therapy. Br J Anaesth 2012; 108(3): 
384-394.
[45] Morgan T. J. The ideal crystalloid - what is ‘balanced’? 
Curr Opin Crit Care 2013; 19(4): 299-307.
[46] Yunos N. M., Kim I. B., Bellomo R., Bailey M., Ho 
L., Story D., Gutteridge G. A. and Hart G. K. The 
biochemical effects of restricting chloride-rich fluids 
in intensive care. Crit Care Med 2011; 39(11): 2419-
2424.
[47] Shaw A. D., Bagshaw S. M., Goldstein S. L., Scherer 
L. A., Duan M., Schermer C. R. and Kellum J. A. Major 
complications, mortality, and resource utilization after 
open abdominal surgery: 0.9% saline compared to 
Plasma-Lyte. Ann Surg 2012; 255(5): 821-829. 
[48] Yunos N. M., Bellomo R., Hegarty C., Story D., Ho L. 
and Bailey M. Association between a chloride-liberal 
vs chloride-restrictive intravenous fluid administration 
strategy and kidney injury in critically ill adults. JAMA 
2012; 308(15): 1566-1572.
Controversies in fluid therapy EJCAP 24(2)  P 23
[49] Boyd J. H., Forbes J., Nakada T. A., Walley K. R. and 
Russell J. A. Fluid resuscitation in septic shock: a 
positive fluid balance and elevated central venous 
pressure are associated with increased mortality. Crit 
Care Med 2011; 39(2): 259-265.
[50] Murphy C. V., Schramm G. E., Doherty J. A., Reichley 
R. M., Gajic O., Afessa B., Micek S. T. and Kollef M. H. 
The importance of fluid management in acute lung 
injury secondary to septic shock. Chest 2009; 136(1): 
102-109.
[51] Rivers E., Nguyen B., Havstad S., Ressler J., Muzzin 
A., Knoblich B., Peterson E., Tomlanovich M.. Early 
oal-Directed Therapy Collaborative: Early goal-directed 
therapy in the treatment of severe sepsis and septic 
shock. N Engl J Med 2001; 345(19): 1368-1377.
[52] Peng Z. Y. and Kellum J. A. Perioperative fluids: a 
clear road ahead? Curr Opin Crit Care 2013; 19(4): 
353-358.
[53] Marik P. E., Baram M. and Vahid B. Does central 
venous pressure predict fluid responsiveness? A 
systematic review of the literature and the tale of 
seven mares. Chest 2008; 134(1): 172-178.
[54] Monnet X. and Teboul J. L. Assessment of volume 
responsiveness during mechanical ventilation: recent 
advances. Crit Care 2013; 17(2): 217.
[55] Perel A., Pizov R. and Cotev S. Systolic blood pressure 
variation is a sensitive indicator of hypovolemia in 
ventilated dogs subjected to graded hemorrhage. 
Anesthesiology 1987; 67(4): 498-502.
[56] Berkenstadt H., Friedman Z., Preisman S., Keidan I., 
Livingstone D.and Perel A. Pulse pressure and stroke 
volume variations during severe haemorrhage in 
ventilated dogs. Br J Anaesth 2005; 94(6): 721-726.
[57] Conti-Patara A., de Araujo Caldeira J., de Mattos-
Junior E., de Carvalho Hda S., Reinoldes A., Pedron B. 
G., Patara M., Francisco Talib M. S., Faustino M., de 
Oliveira C. M. and Cortopassi S. R. Changes in tissue 
perfusion parameters in dogs with severe sepsis/septic 
shock in response to goal-directed hemodynamic 
optimization at admission to ICU and the relation to 
outcome. J Vet Emerg Crit Care 2012; 22(4): 409-418.
